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Section S3. Oxygen dangling bonds and charge transfer
The electron transfer from monolayer MoS 2 to amorphous silica (a-SiO 2 ) is studied via density functional theory (DFT) calculations with Bader charge density analysis (39). All parameters are the same with the DFT calculation in Section S10 below. We build a random a-SiO 2 network and a standard monolayer MoS 2 structure, and then start with a standard DFT ground-state calculation to obtain the optimized geometry, which is necessary for highly random a-SiO 2 network. Note that because of the perturbation from a-SiO 2 , the arrangement of monolayer MoS 2 may be not so well-aligned, as illustrated in fig. S3 below and Fig. 1C in main text.
We get electron transfer from the electron density difference, which can be expressed as
where ρ all is the electron density of the total system, and ρ MoS2 and ρ a-SiO2 are the unperturbed electron densities of MoS 2 and a-SiO 2 substrate, respectively. The final result of Bader charge density analysis is the charge difference with respect to each atom. The calculated ability of electron transfer is given in table S1. The charge transfer between filling oxygen is calculated to be 2.446 e (from MoS 2 to a-SiO 2 ), which is the sum of electrons absorbed by O and Si atoms, as well as the sum of electrons depleted by Mo and S atoms. The charge transfer of reactive oxygen dangling atoms is calculated to be 0.452 e from MoS 2 to a filling oxygen atom, and is calculated to be 0.407 e from neighboring sulfur atoms to a bridging oxygen atom, which efficiently absorbs electrons from MoS 2 and weakens the many-body effect. These filling and bridging oxygen atoms are the key to charge transfer, and a number of electrons will be localized in these sites, which are very stable and can decrease the non-radiative recombination (26).
In high-numbered rings (6-membered, or more), each atom in the ring structures is almost relaxed and therefore the rings do not contain strained energy. But in the low-numbered rings such as 3 membered rings, the Si−O bonds are highly strained. Because the structure and energy of 3-membered rings are hardly affected by the surrounding environments, especially those on the surface, we use the smallest clusters (or namely a molecule (SiO) 3 (OH) 6 ) to calculate the energy and geometric structure. Our calculation is carried out via the DFT calculation method, using projector augmented wave (PAW) pseudo-potentials and plane-wave expansions with a cutoff energy of 400 eV. The K-point mesh is set to gamma (1×1×1). The atomic positions are optimized until all components of the forces on each atom are reduced to values below 0.01 eV/Å. We have calculated that the strained energy in a 3-membered ring is estimated to be 0.26 eV per bond. To completely dissociate an oxygen atom (destroy two Si−O bonds at the same time) in the 3-membered rings, ~8.0 eV energy is needed according to our calculation. But if only one Si−O bond is broken while the other bond retains connected, at least 4.0 eV energy is needed. So the energy of generating an oxygen dangling bond from a 3-membered ring is in the range of from 4.0 eV to 8.0 eV. As the growth time increases, a microtube structure will be formed in the radial direction of the MNF. As shown in fig. S5A , under appropriate growth conditions, the different edges (i.e., Mo zigzag and S zigzag) of a small initial single-crystal monolayer will have the approximate growth rates, but the growth in the radial direction of the MNF will be inhibited after the coalescence of two opposite edges. Thus the monolayer can extend its size only in the axial direction of the MNFs. Figure S5B presents the front and back optical microscope images of a typical MoS 2 monolayer microtube structure grown on a microfiber with D fiber = 6.1 μm, which is also shown in Fig. 2D in the main text. It can be seen that the monolayer has two sharp edges and smooth surfaces. More importantly, the two sharp boundary edges have an angle of approximately 60 degree, indicating that the whole structure is gradually grown from a small single-crystal triangular monolayer. Otherwise, polycrystalline MoS 2 monolayers that are made up of many single-crystal triangular monolayers will have irregular shapes and different intersection angles (28). 
Section S7. PL enhancement on a microbottle structure
Monolayer MoS 2 can also be grown on the microbottle structures, with a typical optical microscopic image and its corresponding PL image shown in fig. S7A . When irradiated using a 532 nm CW laser with intensity of 6 × 10 4 W cm −2 , the PL intensity increases from the initial value of 151 counts to a saturated value of ~2550 counts, indicating an enhancement by ~17 times, as shown in fig. S7B . 
Section S8. Absorption spectra
The absorption spectra of monolayer MoS 2 are measured using a broadband light source from a halogen tungsten lamp, which is focused onto the samples with the same 100× microscope objective. The reflected light from the monolayer MoS 2 samples grown on the planar or MNF substrates (R MoS2+sub ) and from the bare substrates (R sub ) are collected by the same objective and detected by a spectrometer (iHR550, JY Horiba Ltd.). The absorbance A of the MoS 2 samples can be determined by the reflectance contrast ΔR/R = (R MoS2+sub − R sub )/ R sub .
The absorption spectra of monolayer MoS 2 on a planar silica substrate and different fibers with diameters are shown in fig. S8 . It is clearly seen that two distinguishing absorption peaks at ~1.883 eV and ~2.03 eV are observed, which correspond to the absorption bands of A and B exciton peaks. As the MNF size decreases, both the A-and B-exciton absorption peaks exhibit a redshift from 1.883 to 1.874 eV and 2.027 to 2.018 eV, which is consistent with the redshifts observed in the PL and Raman emissions of monolayer MoS 2 on MNFs (see Fig. 2F and 2G in the main text). Moreover, according to the analysis of the Raman spectra, the localized tensile strain on the MNF surfaces is less than 0.5%, which is within the expected range for CVD-grown monolayer MoS 2 (17). Therefore, strain effect can be ignored in our discussion below on the origin of the PL enhancement. 
Section S9. High-resolution AFM scan
The atomic arrangements of monolayer MoS 2 grown on different substrates are characterized using a high-resolution Asylum Research Cypher AFM (Oxford Instruments) under ambient conditions. The hexagonal network of MoS 2 is clearly seen, with typical results shown in fig. S9 . To better identify the distance between lattice planes, fast Fourier transform (FFT) images of the two samples are also presented in the insets of figs. S9B and S9C. After comparing the lattice constants extracted from the monolayer MoS 2 on the MNFs with different diameters and on the planar substrate, we find no obvious lattice distortion within measurement uncertainties. Section S10. Calculation of the band structure
The band structure of monolayer MoS 2 is studied via DFT calculations, using projector augmented wave (PAW) pseudo-potentials and plane-wave expansions with a cutoff energy of 450 eV (39). The K-point mesh of 12 × 12 × 1 in the first Brillouin zone is found to yield wellconverged results. We obtain the lattice parameters from the AFM scanning images shown in section S9. A vacuum layer with a thickness of 15 Å is used to prevent any interactions between the adjacent periodic units of this structure. The atomic positions are optimized until all components of the forces on each atom are reduced to values below 0.01 eV/Å. The exchangecorrelation functional is treated within the Perdew-Burke-Ernzerhof generalized gradient approximations.
As shown in fig. S10 , it is found that the bandgap of the monolayer MoS 2 grown on a 6.4 μmdiameter microfiber MNF still has the direct valley transition (K C −K V , denoted in the cyan arrows). However, the bandgap values are 1.96 eV and 2.10 eV for monolayer MoS 2 grown on the 6.4 μm-diameter microfiber and the planar substrate, respectively. We propose that such relatively large difference arises from the manual recognizing results of lattice constants. From the DFT calculation results, we find that the localized strain introduced by the mismatch of thermal expansion coefficients between silica and MoS 2 and the deformation of MNFs during their thermal stretching process in our experiments is less than 0.5%. This is within the expected range for CVD-grown monolayer MoS 2 . In addition, as reported previously, a tensile strain will reduce the PL intensity of monolayer MoS 2 , so that the strain effect can be ignored here when we discuss the origin of the PL enhancement observed here. .4 μm-diameter microfiber, respectively. It is found that there is no obvious difference between the two band structures and the monolayer MoS 2 grown on the microfiber still has a direct bandgap.
Section S11. Determination of neutral excitons, trions, and defect-related localized excitons
The assignment of trions and neutral excitons is based on the PL results of a 5.1-µm diameter microfiber obtained under cryogenic temperature. The used cryostation is from Montana Instruments (3.2−350 K). As shown in fig. S11A , under excitation intensity of ~2 × 10 3 W cm −2 and under the 13 K condition, the PL profile before photoactivation is roughly symmetrical with a peak position around 1.81 eV. After photoactivation under strong irradiation (~2 × 10 5 W cm −2 ), it is found that the PL peak shows a redshift and the profile becomes asymmetrical, implying that a new peak should exist on the side. By the deconvolution, an extra peak at 1.85 eV beside the 1.81 eV one is confirmed.
Then we change the atmospheric pressures in the cryogenic chamber. As shown in fig. S11B , under standard atmospheric pressure (~760 Torr) there is a dominant symmetric PL profile at 1.81 eV, corresponding to the trion peak by the deconvolution (blue curve). As the pressure is reduced to high vacuum, the trion peak gradually diminishes and is replaced by a much broader peak at ~1.75 eV position (brown curve). This broad PL peak can be further recognized as the defect-related localized excitons by the time resolved PL experiments next.
In addition, we measure the PL lifetime of several samples before and after photoactivation. For the time-resolved PL measurement, an avalanche photodiode operating in single photon counting mode (PD-050-CTD, PicoQuant) is used as the detector, and the decay signals are analyzed using a time-correlated single photon counting module (PicoHarp 300, PicoQuant). The samples are excited by a 420 nm laser light with a pulse width of ~70 fs and a repetition rate of 80 MHz (Mai Tai XF-1, Spectra Physics). The decay signal of the instrument response function (IRF) is measured about 38 ps ( fig. S11C , black line). As shown in fig. S11C , all the lifetime maintains around 56 ± 9 ps, comparable with that of planar sample 48 ± 8 ps. The fig. S11D shows that the intensity of the devolution peak at 1.85 eV after photoactivation exhibits a linear dependence on the excitation power with a fitting slope of 1.02, indicating that the emission is not from localized excitons or defects.
Besides, the photoactivated sample is further exposed to more intense irradiation (~3 × 10 5 W cm −2 ), higher than the normally-used power for excitation or photoactivation. After this intense irradiation, a new PL peak appears at ~1.75 eV (brown curve in fig. S11E ). This position is always regarded as photo-induced defect related localized excitons emission (15). The timeresolved PL measurement of this over irradiated sample (green curve in fig. S11C ) reveals a significantly lengthened lifetime of ~674 ps due to the defects-assisted intraband scattering, in contrast to the short lifetime of the excitons.
Therefore, we think the 1.85 eV is from neutral excitons, 1.81 eV is form trions, and 1.75 eV is from defect-related localized excitons. Spectral changes of (A) PL emissions and (B) corresponding peak positons in a monolayer MoS 2 grown on a 3.1 μmdiameter microfiber, as the pump intensity increases from 80 W cm −2 to 2 × 10 4 W cm −2 . The pump intensity level is below the photoactivation threshold of ~5 × 10 4 W cm −2 . It is clear that the spectral peak positions show redshifts from 1.851 to 1.814 eV, corresponding to the wavelength shifts from 670.1 to 683.5 nm. This is likely due to the defects in the monolayer MoS 2 (15).
Section S13. Investigation of cavity effect in the PL enhancement
To investigate the cavity effect, a monolayer MoS 2 /microfiber (D fiber = 6.2 μm) is placed on a planar silicate glass substrate with a higher refractive index (~1.55) than that of silica (1.45). Thus the substrate is expected to induce a large optical loss to the resonant whispering gallery modes (WGMs). As shown in fig. S13A , at low excitation, the PL intensity increases linearly. As the pump intensity increases above 5 × 10 4 W cm −2 , the PL intensity greatly increases nonlinearly, indicating PL enhancement induced by the photoactivation effect. It is also found that no WGM oscillation behavior is observed in its emission spectra shown in fig. S13B . These results indicate that the WGM cavity-enhanced PL emission can be ignored here. 
Section S14. Optical properties in monolayer MoS 2 removed from MNFs
We find that when a very wet air flow is quickly added to the MoS 2 layers grown on the MNFs, small droplets will form on the MoS 2 layers. Due to the adhesion between the liquid and the MoS 2 layers, the rapid air flow will blow the MoS 2 layers onto the substrate while blowing the droplets onto the substrate. Figures S14A and S14B show typical optical microscope images of a MoS 2 monolayer on a microfiber (D fiber = 5.4 μm) and after transfer to a planer substrate. The PL intensity changes of the MoS 2 monolayers on different substrates are shown in fig. S14C . It is observed that the PL intensity of the monolayer MoS 2 grown on the microfiber exhibits a linear behavior under low pump intensity but shows strong increase as pump intensity reaches 5 × 10 4 W cm −2 , indicating PL enhancement induced by the photoactivation effect. However, after removal from the microfiber, the PL intensity decreases ( fig. S14D ) and shows an almost linear behavior, similar to what is seen from samples grown on planar silica substrates. Section S15. Photoactivation threshold Figure S15 shows the dependence of MNF diameters on PL enhancement in monolayer MoS 2 grown on different substrates. The irradiation (or signal capture time) time for all the PL measurements is ~300 s. Under weak irradiation with pump intensity less than 5 × 10 4 W cm −2 , linear dependences of the PL intensity as the pump intensity are observed in the monolayer MoS 2 grown on both the MNFs and the planar substrate. As pump intensity increases above 5 × 10 4 W cm −2 , nonlinear dependences are observed in thin MNFs such as D fiber = 3.3 μm, 4.2 μm and 6.1 μm, i.e., to effectively activate the thin MNFs, pump intensity above the 5 × 10 4 W cm −2 is needed for the 532 nm CW laser used here. Section S16. PL enhancement in monolayer MoSe 2 grown on MNFs Fig. S16 . PL enhancement in monolayer MoSe 2 grown on MNFs. PL spectra of monolayer MoSe 2 grown on a silica microfiber (D fiber = 2.9 μm) under irradiation intensity of 8.6 × 10 3 W cm −2 . After 200 s of laser irradiation, the PL intensity is enhanced by about 6 times compared with the initial intensity (blue line), and by about 15 times compared with that grown on a planar silica substrate (black line). Also a blue-shift of the spectral peak from 1.550 eV to 1.557 eV is observed, which is similar to the blue-shift observed in Fig. 3B in the main text due to the increasing of neutral exciton peak.
Section S17. Calibration of PL QYs
The PL QYs of monolayer MoS 2 are calibrated based on a widely used comparative method (8, 16) . Rhodamine 6G (R6G) molecules are selected as the standard reference sample. We dissolve R6G powder into ethanol solvent to prepare a 500 μM R6G ethanol solution that has a QY close to 100%. We then record the UV-vis absorbance and PL spectrum of this solution. Next we spin the R6G solution on to a planar silica substrate to obtain an R6G thin film, and record its UV-vis absorbance spectrum and PL spectrum.
Using the absorption and PL data, the PL QY of the R6G thin film can be estimated by () 
Section S18. Simulation of lasing cavity modes
We perform a 3-dimensional (3D) finite-difference time-domain (FDTD) to investigate the desired WGM eigen frequency (32, 33) . We first choose a perfect-sphere microbottle structure with an outer diameter of 5.5 μm as the simulated model (the size is same as the experimental sample used in Fig. 4B in the main text), which is designed without the coated MoS 2 layer. We neglect the coated layer of MoS 2 , because we find it affect our simulation little due to atomic thickness of the monolayer (<1 nm) and the resonant property of microcavity primarily depends on the core silica. In addition, to simplify calculation, we assume that the microbottle resonator has a refractive index of silica (n = 1.45). The final simulated results are well matched with the experimental data, with <5 nm errors in resonant frequencies. Then for the experimental sample used in Fig. 4A in the main text, a simulated structure of the microfiber cavity with a diameter of 5.4 μm coated by MoS 2 is similarly designed. Figures S17A and S17B show the electric field distributions of the eigenmodes in the microfiber cavity and in the microbottle cavity, respectively. The experimentally measured lasing peak wavelengths are found to match well with the simulated WGM wavelengths, with the resonant peak errors within 5 nm.
We note that the microbottle cavity have two sets of eigenmodes (32, 31) . The measured free spectrum range (FSR) is 17.7 nm, calculated by Eq. E3. This FSR value corresponds well with the FDTD simulation
where λ peak is the lasing peak, n is refractive index of silica, D bottle is the outer diameter of the microbottle structure. 1 at 664.6 nm, TM 31 1 at 681.4 nm, TM 30 3 at 673.7 nm, and TM 29 3 at 689.7 nm on the cross plane of the microbottle with an outer diameter of 5.5 μm. The superscript denotes the eigenmode order number, while the subscript denotes the azimuthal order number.
Section S19. Rate equation analysis
To investigate the rate equation analysis in the lasing process, we first concentrate on the 686.2 nm wavelength TM 31 1 eigenmode of the microbottle cavity, which is experimentally measured to be 681.4nm. For a microcavity laser, β factor is used to describe the ability of coupling the spontaneous emission into the cavity. To measure the β factor, the rate equation (8) under incident pump power (P pump ) can be written as
where N is the carrier density, S is the photon density, η is the fraction of pump power absorbed by the MoS 2 , hω is the pump photon energy, V is the active volume of MoS 2 , τ is the exciton lifetime, ν g is the group velocity, g is the material gain, g th is the threshold gain, Γ is optical confinement factor. Under continuous pump and steady condition, we can set 0 dN dt  and 0 dS dt  . Firstly, we carefully adjust the value of material constant a (Eq. E10) until the pump intensity threshold matches well with the experimental data. Thus we can obtain different β for each nonlinear light in-light out curves.
For the microfiber cavity shown in Fig. 4A in the main text, the PL intensity vs pump intensity plots with different β values are presented in fig. S18A . We find β = 0.15 is the best fit to the experimental data. The lasing threshold is ~70 W cm −2 . The FWHM begins to narrow to 1.98 nm as the pump power keeps increasing ( fig. S18B ). For the microbottle cavity, we find β = 0.5 is the best fit to the experimental data ( Fig. 4C in the main text). It can be seen that the prolate microbottle has a better ability of coupling the spontaneous emission of monolayer MoS 2 into the WGM cavity compared with the cylindrical microfiber. (1) Optical confinement factor Γ: Optical confinement factor Γ is calculated numerically by the 3D FDTD simulation and is defined as 
Where ε air and ε MoS2 are the dielectric constants for air and MoS 2 respectively, and E is the electric field intensity. Because we neglect of MoS 2 monolayer in the process of the numerical simulation in Section S18, we use the electric field intensity at the surfaces of the microbottle and the microfiber multiply by the dielectric constant of MoS 2 (~17.1 at 686 nm, and ~18.3 at 682 nm) (40) to get the denominator of Eq. E6. Thus the optical confinement factor of the microfiber and the microbottle is estimated to be ~1.20% and ~1.17%, respectively.
(2) Threshold gain g th : In a WGM cavity, the total round-trip cavity loss (δc) depends on the quality-factor (Q). The intensity of PL emission from the microcavity decays exponentially with time (I = I 0 e −t/τ , τ = Q/ω the photon lifetime, ω = 2πc/λ). After a round-trip (t r = n eff L c /c, L c is the optical path length, n eff is the effective refractive index of the cavity), the intensity will be reduced to The lasing threshold will be achieved when the cavity loss (δc) is compensated by the material gain (Γg). Thus the threshold gain (g th ) can be estimated from the relation 
where a is the material constant, N tr is the transparency carrier density, which is set to zero for simplicity.
